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The purpose of thin t,*et Is to determine

the effect of varying compression on the effi~

ciency and economy of a gas engine and to secure

data from which to construct a complete heat

balance

.

These tests were made in the Mechanical

Engineering laboratory of Armour Institute of

Technology.- Chicago, on a horizontal four-

cycle gas engine manufactured by the Fairbanks

Marse Company. The engine is rated at seven

horse power at 256 revolutions per minute, the

diameter of the cylinder being 6-3/4 inches

with a stroke of ] 1-15/16 inches.

The valves are of the poppet type. The

inlet valve in the head of the cylinder works

automatically, while the exhaust valve is op-

erated mechanically by means of a cam which

is driven by gears from the main shaft. The

speed of the engine is controlled by means

of a centrifugal governor which acts on the

1 hit or miss" principle.





When the engine exceeds ito normal speed the

governor mechanism holds the exhaust valve

open. The motion of this rod, by a series of

levers, operates a valve in the gas line,

which regulates the supply of fuel to the en-

gine.

The ignition is effected by means o* a

cam on one of the gear wheels. The motion, of

the cam is transmitted by means of a shaft to

a lever which "makes and breaks" the circuit

in the igniter . The arm which operates the

igniter can I moved forward or backward by

means of a set 6crew and stop. These various

positions of adjustment can regulate the spark,

or point of ignition, between the wicle limits

of forty-five degrees (45°) before, or thirty-

five (350) degrees after dead center. The

load is given the engine by means of a Prony-

brake. This brake is on a water-ccoled pulley

which is- ieyed to + he main shaft and consists

of a number of wooden blocks held together by

iron bands

.





These bands are split at the top and can be ad-

justed by means of a nut and bolt.

Two Crosby Indicators were used to ob-

tain cards from the engine. The one with a

1€0# spring recorded the working stroke i. e.

Compression and expansion. The other indicator,

fitted with a 20# spring and a stop to pre-

vent the indicator piston from rising too high,

recorded the effects of the idle cycle, i. e.

the exhaust of the spent gases and the drawing

in of the charge. This diagram is used in

obtaining the highest spring efficiency.

The clearance of the engine was obtained

by planing the piston on dead center and fill-

ing the clearance space with a known weight of

water. In thus obtaining the clearance volume

great care was taken to remove all air bubbles

from the exhaust chamber. As the water was

allowed to fill the chamber the air was drawn

off at the top by means of a rubber tube. The

weight of water used was corrected for the temp-

erature and the calculations for the clearance

volume is shown on page 9 .
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The engine is bo built that the variouB

compressions were obtained by inserting steel

3him s between the crank box and the connecting

rod. In this way the connecting rod was length-

ened and the piston, thus brought nearer the

cylinder head, lessened the clearance volume.

i'he thickness of these shins were carefully

measured with a micrometer and they varied

from. 15 inch to .40 inch wid and were

used up to a width of 1.8 inches at the highest

compression.

Before making any tests great care was

taken to see that the engine was in first-class

condition. The cylinder and exhaust chamber

were cleaned, the igniter was thoroughly over-

hauled and all fche valves were ground. All

the conditions such as supply of gas to the en-

gine, brake load, weight of cooling water, and

point of ignition were kept as constant as

was possible for each test. In this way com-

parative results and data could be obtained.





After making a number of pnaliminary rune all

the conditions were agreed upon and thirty

minute tests were made on the engine, during

which the customary readings were taken every

five minutes. The log sheet for each test will

be found on page . The calorific value of

the fuel used was determined by means of a

Junker's Calorimeter, the results of which are

shown on page 29.

All the instruments and scales used in

these tests were carefully calibrated and it

was found that on testing the indicator springs

that a correction of 3.8# must be added to the

160# spring. This correction was obtained by

means of a curve which showed a constant error.

The point of ignition for the various compress-

ions could be determined only by noting the

position of the "firing line" on the indi-

cator cards. However, an almost impercept-

ible change in the "firing line" was found to

greatly change the point of ignition and this
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made it very difficult to keep the epark at pre-

cisely the same point in every test. This change

in conditions, however, is of such a nature as

not to effect the object of the tests.

It would seem from the results of th§se

tests that there i6 a compression of mean value

at which the engine gives its best Thermodyrsanic

efficiency with the least volume of gas per

unit time. This would also prove that at this

compression the engine was working at its beet

economy. These Results, however, were figured

from the basis of the 'heat supplied to the

engine, but it is a question whether or not the

engine used all the heat that was supplied^

hence these results do not prove conclusively

that the hest efficiency secured at the inter-

mediate compression. A complete heat balance

was obtained for each test and when figure

from the "heat available" basis the best effi-

ciency was obtained at cne of the high compress-

ion pointB. These efficiencies curves for the

various compressions are shown on pa^e 3Z .





-7-

Frora a study of the heat "balance and from

a comparison of the efficiency curves as fig-

ured from the two different basis, we could

infer that there was a loss of heat in some of

the latter tests. This heat loss is shovm by

the fact that at the same compression point

the efficiency curve as figured from the "heat

supplied" basis slopes downward, while the one

figured from the "heat available" basis,

rises. In the former calculations therefore

namely, the "heat supplied" basis we are charg-

ing the engine with heat that was not usei.

This loss* of heat the writers think was due

to the engine "missing fire" - that the

igniter was at fault. Also at these points

of compression there was a marked increase

in the volume of gas used per unit of time.

The curve then as figured from the

"heat available" basis is the more true and

logical and as seer from the print, shows a

gain in efficiency with an increase in compression,
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until the two highest compressions are reached

when the curve drops <*ue to the high temper-

ature at these points .

The mechanical efficiency decreases gradually

with increase of compression which would indicate

an increase in friction due to the high compress-

ion. She fact that the Thermodynamic efficiency

falls after rising to a certain point is due, no

doubt to the fact that it is pulled down by the

decreasing mechanical efficiency.

Owing to the high temperature caused by the

increasing compression, the water loss increases

with increase in the latter. It was found that

at a certain point of compression, an increase in

compression would not cause an increase in the

indicated horsepower and therefore the excess

heat would be thrown away to the jacket water

thus causing an increase in the water loss.

Another point that deserves mention is the

fact that with the high compression, the engine

was actually developing more horse power than the

tests would indicate.
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Ihi3 fact together with the increasing indicated

horse power, would show that the mechanics eff-

iciency was increasing, and al80 indicate that

the engine was developing more horse power than

it was actually given credit for. The conditions

of the test, however, were to be .kept constant,

and therefore the brake horse power was kept the

same throughout the test.
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CLEARANCE CALCULATIONS.

Water used in clearance = 6.98#

Temperature of water - 68° F.

Weight of water per cu.ft. = 62.33#.

6 « 9e x 1728 = 193.363 cu. inches.
62 . 33

Calculations for Run #1.

Compression = 55. 5# per square inch.

M.E.P. = 1.470 x 163.2 = 69.25#.
3.485

PLAN
1 H. P. = 33,000

I.E. P. = 69.25 x .996 x 35.765 x 311.7 « «
S3, 000 ~ 8

*
°

B.H.P. =2 N P _ 2 x 3 .14 x 2. 125 >• 2 56 x 70.6 _
33,000 33,000

7.32

Mech. Fff . = 7.32 = 87.5#
8.35

Gas per hour % 62° F. and 30 Mer.

PV = P> V>

T Ti

V = 30.01 x 130.6 x 523
30 x 536.'5 = 127.2 CU.ft*

B. t. u. perj.l. P. = 818J8? x 127. 2
8TT5 = "'2475.0





B.H.P. -°°-

B.t.u. A
= 818.8? x 127 . R _ ,, , fi

8735 " X^^*D ' L

Therm. Effic. per 1. H. P. percent = 2545 & 2Q ,4$
12475

Therm. Effi. per B.H.P.^; "545 _ . p7<^
1?S4"8~ " 17 - 8™

Keat to cooling water, = w (tg - tj)

H = 56?. (119.5° - 49.5°) = 39.340 B.t.u.

Percentage of neat to cooling water

= 59540
104,250

= 37.75^.

THEORETIC EFFICIENCIES

Theoretical Eff. (V) "-* = 1-(.318)- 408 = 37 -5*

Light spring " . 1
(V T K-l _ 2.(318) « 4° 5 = 37. 0#

Comp. Eff. _ , _ (P ) |tel _ , , onq^.?885 =

36. 5$

Temp. Entropy Eff. = 5.41 = 32.8^.
16.50
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ISHORJllI £zl X H A U S T

Theoretical Efficiency 30.4 x 62.5 - 34.00<
37.5"

Light spring " 30.4 x 62.0 = 34. ''S

37.0

Compression " 20.4 Y 63.5 = 35.50
-3"6T5"

*

Temperature - Entropy Eff. >0.4 „ 67.2 = 41.75
32.8 *

Loss due to exhaust 41.85;"'

Heat balance calculated on the "basis of heat supplied

Losses due to

Leakage and incomplete combustion

41.35 - 41.75 = 0.10$

After burning and imperfect

cycle 41.75 - 35.50 = 6.25$

Leakage during compression

35.50 - 34.75 = 0.75$

Friction of valve 3 and passages

34.75 - 34.00 = 0.75$

Theoretical exhaust 34.00$

Water loss 37.75$

Thermo efficieny per B.H.P. 17.87^

" " n F.H.P. 2.53





/
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Heat balance calculated on the baslB of heat

available.

Losses due to

After burning and imperfect cycle

6.25 -4- 0.999 = 6.251

Leakage during compression

0.75 -Ar- 0.9999 = 0.751

Friction of valves and passages

0.75 -}- 0.999 = 0.751

Theoretical exhaust

34.00 * 0.999 = 34.100

tfat^r loss

37.75 * 0.999 = 37.754

Thermo Eff. per B.H.P.

17.87 «• .999 = 17.872

Thermo Eff. per P.H.P.

2.53 * .999 = 2.531





13-





-14





-IS





16 -





- 17





-/8 -





-19-

d H

pool
sj/tug

ioys Kin

Buipogy

J919U en

SO*} Kt

49d

? 9 u> o Kfl oho





20

d H

SO*)

7J "O





21





-22





23





24





25-

» * 5





26





Z7





-28-





-29-

K,nd of ffff
Ncctu ra 1 &afc.





-30





-31-





32

««S SSHS SI

"1"

;SK«SSariSS»8HBH!^
?-
*^ggassaPiffl:r

"IBB









Dura tion of test, minutes
ed cubic feet

Calorific value of gas, effective

Gas oer hour cubic feet

•Jacket water per hour, pounds

Gas at meter, inches of mercuru
Barometer, inches of mercuru
Enterina Jacket water ° Fahr.

Issuing Jacket water ° Fahr.

Gas at meter "fahr

Re volutions per minute

Explosions per minute

Pressure in lbs. per so. in. above atmos
Maximum Com press ion

Maximum Pressure
wmTjj PtiHTjil
Exhaust Pressure

Mean effective press ure.

Actual indicated horse power
Actual brake horse power
Mechanical efficiency per cent.
Heat supplied B.T.U. per hour
B.T.U. per I. HP per hour
B.T.U. per B.HP per hour

Thermodunamic effici

Thermodunamic efficiency per B.H.P
MCE per cent

30
65.30

\\ SIS. 82
127.20
5-6 2.0
0. 316
29.70
49. SO

ill 9. SO
75. 50
256.
1/1.70

30
65.60

\8l8-82
\I30.30
\S4 8-0

0.316
29- 80
4-9. SO
II 8-00

67.00
256.0

30
65.40

\8l8-82
1/30.40
\485.0
0.3/6

1
29. 80
4-9.60

1 /20.00
63-50
Z5600
1/4-30

3 30
64.0 63. 0O

II 818. 82 || 8/8.82
128-10 125.90

\\4-76.0 506.0
0. 316 0.3/6

1 29. SO 1 29. ?0
49.40 49-50
1/8.90

6290
119.00
64. 20

Z56-00 256.0
IO9S0 1/3.00

30
66.4
XI 8.82
132.00
53 80
0.3/6
2980
49-50
120. 80
66.60
2 56-0
10 8-10

30
61.4
8 1 881
155.00
581-0
0.3/6
29-80
4907
1 17-50

63- 80
255-7
115.10

30
69.9

8 18-? 2
140-7
560
0.3/6
29.80
50-20
173.1
61.00
255-7
114-4

55. SO 60.40 65.30 70.20 73.5 7 5-0 84-9 91-4

23 5.0 2300
30.0 32.5
0-0 0.0

69.25 70.50
835 8.61
7. 3 2 73 2

27 SO
32.0
OO
69.75
8. 52
7.32

290.0 265.0
310 32.0
00 0-0

70-80 71.10

8- 2 7 8- 8 2

7.32 7.30

Z60.0
31.0

0.0
68.40
2.4-6

7-30

TSm=LM*A

$7.60 87.50 82.00 83.40 76.00 188.60 82.70 86.30
5Ilfl3333*HE!] SIIEE !*M\fiTW!f!fSM i r/ATiwi

\/2,475 /2,390 \\ //,950 \ II, 9/0 \ \ I 2,0 8 5 \\ l 3, 060 \\ 12, 54-0 \\ /3,600
1/4,24 8 \/4,590 \l4,S8 5 \\/4-,3/5 \\l4,0 80 1/4,760 \\/5,/50 \\/5, 7 80
20.40 20.60 W2I-30 \\ 21-35 W2I.05 19.50 20.30 W/8.70
17.87 \\I7.45 17.46 17.15 18-09 17.26 16.80 \I6.I3
PS A 2 S AS AS AS AS AS AS A

U-AXV3J}.wmm\mymu).\.wm
After burning, imperfect cycle

Leakage durinq compression
of valves etc.

Theoretical Exhaust
Water Loss
Heat equivalent of brake H. P
Heat equivalent of friction Jf.P
Remark s.- * All Qas volumes reduced to
^Calculated on the basis of total heqt

\\00.IO\
II

3.2d 4.40 q.15 2.70 K.20 14.30 15.061

II 6. 25 \b. 251 7.10 7-34 8.90 S.3I 5.50 6.05 10-15 10.42 7-85 8.55 0.70 0.81 6-65 7.83

0.75 0.T5I -|.30 -1.34 -1.45 -/. ?n -2.40 -2. fc4 -1.^5-1.8 7 -0.20-0.21 h2.25 -2-63 -2.20 "2-59

0.75 0.757 1.30 1.30 0.75 0.78S 2.05 2.25 1.35 l.!7 0.65 0.70 0.60 0-70 0.55 0.64

B4.00 34.100 35.2d36.39B4.00 35.00 iB2. 85 3fc. |3 te .90 3/. 75 12 J.45 3 1.00 P0.4 5 35.50 C5. 85 30-45

37.75 37.754 33.Sd-3S\0d

17.87 17. g72 17.45 I 8.od 17.46 I 8. 26 I 7-7319.53 III g. 09 I 8. 5S 17.26 I 8.80 16.80 19.60III b. 13 11.00

2.53 2.531 3.15 3.25^ 3.84 4-02 3.60 3.96 2.96 3.02 2.24 2.44 3.50 4.08 2-57 3.02

62 F and 30 inches mercury
supplied, S , »0« basis o/ heat available, A.
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